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SPECIFICATION 

SEMICONDUCTOR DEVICE AND DRIVING METHOD THEREOF 

TECHNICAL FIELD 
The present invention relates to a semiconductor 
device realized by a semiconductor element, such as a 
MOSFET, and a method of driving the same to operate in 
certain manners. 

TECHNICAL BACKGROUND 
A MOSFET controls electrical conduction between the 
source and drain by varying a voltage applied to the gate 
electrode. For example, in case of an N-type MOSFET, the 
conduction between the source and drain is allowed when 
a high level is inputted into., the gate electrode, and 
stopped when a low level is inputted- Here, the 
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potential of the well is generally fixed. More 
specifically, the potential is fixed at the low level in 
the N-type MOSFET, and the high level in a P-type MOSFET. 
In this manner, the conventional MOSFET is used as a 3- 
terminal element which controls the switching between the 
source and drain by using the gate electrode as an input . 

Figure 22 shows an example application of the above 
MOSFET by way of a circuit diagram of a logic circuit 
logl as a typical conventional semiconductor device. The 
logic circuit logl comprises (1) a pair of circuits of 
PMOSFETs (qpl and qp2 ) in parallel, which are 
respectively provided with inputs inl and in2 through 
input terminals pi and p2 , and connected to a high level 
V DD power source line at one end and to an output terminal 
p3 at the other end, and (2) a pair of circuits of 
NMOSFETs (qnl and qn2) in series, which are respectively 
provided with the inputs inl and in2, and connected to 
the output terminal p3 at one end and to a low level GND 
power source line at the other end, thereby forming a 
NAND circuit which shifts its output OUT to the high 
level when at least one of the inputs inl and in2 is in 
the low level. 

Also, Figure 23 is a circuit diagram of a logic 
circuit log2 of another conventional semiconductor 
device. The logic circuit log2 comprises (1) a pair of 
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circuits of PMOSFETs (qpl and qp2) in series, which are 
respectively provided with the inputs inl and in2 , and 
connected to the high level V DD power source line at one 
end and to the output terminal p3 at the other end, and 

(2) a pair of circuits of NMOSFETs (qnl and qn2) in 
parallel, which are respectively provided with the inputs 
inl and in2 , and connected to the output terminal p3 at 
one end and to the low level GND power source line at the 
other end, thereby forming a NOR circuit which shifts its 
output OUT to the low level when at least one of the 
inputs inl and in2 is in the high level. 

The logic circuits logl and log2 representing the 
conventional semiconductor devices are arranged in such 
a manner that each MOSFET outputs one output in response 
to one input, and for this reason, the NAND circuit or 
NOR circuit demands four MOSFETs. Further, because an 
AND circuit is realized by connecting a NOT circuit 

(composed of two MOSFETs) to the NAND circuit in series, 
and an OR circuit is realized by connecting the NOT 
circuit to the NOR circuit in series, the AND circuit or 
OR circuit demands six MOSFETs. Accordingly, a large 
number of MOSFETs are necessary to run one operation, 
which makes it difficult to improve a packing density of 
the semiconductor device. Consequently, neither can the 
operating rate and yield be improved, nor the costs can 
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be reduced. 

An object of the present invention is to provide a 
semiconductor device capable of improving a packing 
density by upgrading performance of each element, and 
increasing an operating rate and yield, while reducing 
the costs, and a driving method thereof. 

DISCLOSURE OF THE INVENTION 
A first semiconductor device of the present 
invention is furnished with: 

a semiconductor substrate; 

a background insulating film formed over the 
semiconductor substrate ; 

a P- or N-type semiconductor layer which is formed 
over the background insulating film and made into a first 
electrode, the semiconductor layer in each element being 
separated from the semiconductor layer in an adjacent 
element by means of an electrical insulating separation 
region encircling each element; 

a source region and a drain region formed in the 
semiconductor layer and made into a second electrode and 
a third electrode, respectively, the source region and 
drain region having a conduction type opposite to a 
conduction type of the semiconductor layer; 

a channel region formed between the source region 



-5- 

and drain region; 

a gate insulating film formed over the channel 
region; and 

a gate electrode formed as a fourth electrode on the 
gate insulating film, 

wherein a contact hole is formed through the 
semiconductor layer for each element separated by means 
of the separation region, at a region other than the 
source region and drain region. 

According to the above arrangement, by employing a 
substrate of an SOI (Silicon On Insulator) or SOS 
(Silicon On Sapphire) structure, in which elements are 
fabricated on the background insulating film formed over 
the semiconductor substrate, element forming regions for 
individual elements can be electrically separated from 
each other relatively easily by means of the separation 
region. Then, a MOSFET is formed in each separated 
element forming region under the conditions where each 
element is allowed to operate independently by preventing 
interference between the elements. Further, the 

semiconductor layer in each MOSFET is electrically 
connected to the outside through the contact hole, so 
that it can be used as an electrode, thereby realizing a 
4 -terminal element having two inputs: the input to the 
gate and the input to the semiconductor layer. 



-6- 

Consequently, a 2- input -1 -output circuit can be 
realized by a single element, thereby upgrading the 
performance of the MOSFET itself. Accordingly, when a 
logic circuit is formed, not only can a packing density 
of an integrated circuit, an operating rate, and yield be 
improved, but also the costs can be reduced. 

A second semiconductor device of the present 
invention is furnished with: 

a semiconductor substrate; 

a P- or N-type deep well region formed in the 
semiconductor substrate ; 

a shallow well region formed over the deep well 
region and made into a first electrode, a conduction type 
of the shallow well region being opposite to a conduction 
type of the deep well region; 

a source region and a drain region formed in the 
shallow well region and made into a second electrode and 
a third electrode, respectively, the conduction type of 
the source region and drain region being opposite to a 
conduction type of the shallow well region; 

a channel region formed between the source region 
and drain region; 

a gate insulating film formed over the channel 
region; and 

a gate electrode formed as a fourth electrode on the 
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gate insulating film, wherein: 

at least the shallow well region in each element is 
electrically separated from the shallow well region in an 
adjacent element by means of a separation region; and 

a contact hole is provided to the shallow well 
region in each element separated from the shallow well 
region in the adjacent element by means of the separation 
region, at a region other than the source region and 
drain region. 

According to the above arrangement, by electrically 
isolating the shallow well region in each element forming 
region by means of the separation region, a MOSFET can be 
formed in each separated element forming region even when 
a bulk substrate is employed, so that each element can 
operate independently by preventing interference between 
the elements. Further, the shallow well region in each 
MOSFET is electrically connected to the outside through 
the contact hole, so that it can be used as an electrode, 
thereby realizing a 4 -terminal element having two inputs: 
the input to the gate and the input to the shallow well 
region . 

Consequently, a 2- input- 1 -output circuit can be 
realized by a single element, thereby upgrading the 
performance of the MOSFET itself. Accordingly, when a 
logic circuit is formed, not only can a packing density 
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of an integrated circuit, operating rate, and yield be 
improved, but also the costs can be saved. Moreover, the 
costs and resistance of the first electrode can be 
reduced further compared with a case where the SOI or SOS 
substrate is employed. 

The first and second semiconductor devices are 
preferably arranged in such a manner that : 

the elements having opposite conduction types are 
paired off; 

a source of a P-type semiconductor element is fixed 
at a high potential, and a source of an N-type 
semiconductor element is fixed at a low potential; 

gates of the P-type semiconductor element and N-type 
semiconductor element are connected to each other, 
thereby to form a first input terminal; 

the contact holes in the P-type semiconductor 
element and N-type semiconductor element are connected to 
each other, thereby to form a second input terminal; and 

drains of the P-type semiconductor element and N- 
type semiconductor element are connected to each other, 
thereby to form an output terminal . 

In this case, the CMOS inverter structure, in which, 
of the two MOSFETs of P- and N- types, the source of the 
PMOSFET is fixed at the high potential while the source 
of the NMOSFET is fixed at the low potential, and the 
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drains of the PMOSFET and NMOSFET are connected to each 
other, thereby to form an output, is further arranged 
such that the contact holes in the PMOSFET and NMOSFET 
are connected to each other, thereby to form the second 
input terminal, and the gates, namely the normal inputs, 
of the PMOSFET and NMOSFET are connected to each other, 
thereby to form the first input terminal. 

Consequently, a NAND or NOR circuit can be realized 
by adequately adjusting potentials of the two inputs or 
impurity concentration in the channel region. 
Accordingly, the NAND or NOR circuit which conventionally 
demands four MOSFETs can be now realized by two MOSFETs. 

Further, the first and second semiconductor devices 
are preferably arranged in such a manner that: 

the elements having opposite conduction types are 
paired off; 

a source of a P-type semiconductor element is fixed 
at a high potential, and a source of an N-type 
semiconductor element is fixed at a low potential; 

both a gate of the P-type semiconductor element and 
the contact hole in the N-type semiconductor element form 
a first input terminal; 

both a gate of the N-type semiconductor element and 
the contact hole in the P-type semiconductor element form 
a second input terminal; and 
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drains of both the N-type semiconductor element and 
P-type semiconductor element form an output terminal. 

In this case, the CMOS inverter structure, in which, 
of a pair of a PMOSFET and an NMOSFET, the source of the 
PMOSFET is fixed at the high potential while the source 
of the NMOSFET is fixed at the low potential, and the 
drains of the PMOSFET and NMOSFET are connected to each 
other, thereby to form an output, is further arranged 
such that the gates of the PMOSFET and NMOSFET form the 
first and second input terminals, respectively, and the 
contact holes in the NMOSFET and PMOSFET also form the 
first and second input terminals, respectively. 

Consequently, a NAND or NOR circuit can be realized 
by adequately adjusting potentials of the two inputs or 
impurity concentration in the channel region. 
Accordingly, the NAND or NOR circuit which conventionally 
demands four MOSFETs can be now realized by two MOSFETs . 

Further, the first and second semiconductor devices 
are preferably arranged in such a manner that : 

the elements having opposite conduction types are 
paired off; 

a drain of an N-type semiconductor element is fixed 
at a high potential, and a drain of a P-type 
semiconductor element is fixed at a low potential; 

gates of both the N-type semiconductor element and 
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P-type semiconductor element form a first input terminal; 

the contact holes in both the N-type semiconductor 
element and P-type semiconductor element form a second 
input terminal ; and 

sources of both the N-type semiconductor element and 
P-type semiconductor element form an output terminal. 

In this case, an AND or OR circuit can be realized 
by adequately adjusting potentials of the two inputs or 
impurity concentration in the channel region . 
Accordingly, the AND or OR circuit which conventionally 
demands six MOSFETs can be now realized by two MOSFETs . 

Also, the first and second semiconductor devices are 
preferably arranged in such a manner that : 

the elements having opposite conduction types are 
paired off; 

a drain of an N-type semiconductor element is fixed 
at a high potential and a drain of a P-type semiconductor 
element is fixed at a low potential; 

both a gate of the N-type semiconductor element and 
the contact hole in the P-type semiconductor element form 
a first input terminal; 

both a gate of the P-type semiconductor element and 
the contact hole in the N-type semiconductor element form 
a second input terminal; and 

drains of both the P-type semiconductor element and 
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N-type semiconductor element form an output terminal. 

In this case, an AND or OR circuit can be realized 
by adequately adjusting potentials of the two inputs or 
impurity concentration in the channel region. 
Accordingly, the AND or OR circuit which conventionally 
demands six MOSFETs can be now realized by two MOSFETs . 

The first and second semiconductor devices are 
preferably arranged further in such a manner that : 

the gate and the contact hole are used as separate 
input terminals, into which different input signals 
synchronized to each other are inputted, respectively. 
In this case, each element outputs one output signal in 
response to two input signals synchronized to each other 
based on a clock or the like. Hence, not a simple ON/OFF 
operation of a 1- input- 1 -output circuit, but an operation 
of a 2- input- 1 -output logic circuit can be realized, and 
therefore, the logic circuit can be composed of a fewer 
elements . 

For a fuller understanding of the nature and 
advantages of the invention, reference should be made to 
the ensuing detailed description taken in conjunction 
with the accompanying drawings . 



BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a cross section of a semiconductor 
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element in accordance with a first embodiment of the 
present invention, showing a basic arrangement of the 
present invention; 

Figure 2 is a graph showing an example of operating 
characteristics of the semiconductor element in Figure 1; 

Figure 3 is a graph showing another example of the 
operating characteristics of the semiconductor element in 
Figure 1; 

Figure 4 is a front view of a semiconductor element 
in accordance with a second embodiment of the present 
invention, showing a practical application of the 
arrangement in Figure 1; 

Figure 5 is a perspective cross section taken on 
line V-V in Figure 4; 

Figure 6 is a perspective cross section taken on 
line VI -VI in Figure 4; 

Figure 7 is a front view of a semiconductor element 
in accordance with a third embodiment of the present 
invention, showing a practical application of the 
arrangement in Figure 1; 

Figure 8 is a perspective cross section taken on 
line VII I -VII I in Figure 7; 

Figure 9 is a perspective cross section taken on 
line IX- IX in Figure 7; 

Figure 10 is a circuit diagram of a logic circuit in 
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accordance with a fourth embodiment of the present 

invention, in which the semiconductor element in any of 

Figures 1 through 9 is employed; 

Figures 11(a) and 11(b) are graphs showing operating 

characteristics of the logic circuit in Figure 10; 

Figure 12 is a circuit diagram of a logic circuit in 

accordance with a fifth embodiment of the present 

invention, in which the semiconductor element in any of 

Figures 1 through 9 is employed; 

Figures 13 (a) and 13 (b) are graphs showing operating 

characteristics of the logic circuit in Figure 12; 

Figures 14 (a) and 14 (b) are graphs showing operating 

characteristics of a logic circuit in accordance with a 

sixth embodiment of the present inventions- 
Figures 15(a) and 15(b) are graphs showing operating 

characteristics of a logic circuit in accordance with a 

seventh embodiment of the present inventions- 
Figure 16 is a circuit diagram of a logic circuit in 

accordance with an eighth embodiment of the present 

invention, in which the semiconductor element in any of 

Figures 1 through 9 is employed; 

Figures 17(a) and 17(b) are graphs showing operating 

characteristics of the logic circuit in Figure 16; 

Figure 18 is a circuit diagram of a logic circuit in 

accordance with a ninth embodiment of the present 
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invention, in which the semiconductor element in any of 
Figures 1 through 9 is employed; 

Figures 19(a) and 19(b) are graphs showing operating 
characteristics of the logic circuit in Figure 18; 

Figures 20 (a) and 20 (b) are graphs showing operating 
characteristics of a logic circuit in accordance with a 
tenth embodiment of the present invention; 

Figures 21(a) and 21(b) are graphs showing operating 
characteristics of a logic circuit in accordance with an 
eleventh embodiment of the present invention; 

Figure 22 is a circuit diagram showing an example of 
a logic circuit composed of typical conventional MOSFET 
elements ; and 

Figure 23 is a circuit diagram showing another 
example of the logic circuit composed of typical 
conventional MOSFET elements. 

THE MOST PREFERRED EMBODIMENT OF THE INVENTION 

The following will describe in detail the present 

invention with reference to accompanying drawings. 

Initially, referring to Figures 1 through 3, the 

following description will describe a first embodiment of 

the present invention. 

Figure 1 is a cross section schematically showing a 

semiconductor element 1 in accordance with the first 
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embodiment of the present invention to explain a basic 
arrangement of the present invention. As shown in the 
drawing, in addition to a typical MOSFET structure, in 
which a source region 3 and a drain region 4 are formed 
in a well 2, and a gate electrode 7 is fabricated on a 
channel region 5 formed between the source region 3 and 
drain region 4 through a gate insulating film 6, the 
semiconductor element 1 has a 4 -terminal structure, in 
which: a substrate terminal TW is pulled out from the 
well 2 through a contact hole (not shown) and made into 
a first electrode; a source terminal TS is pulled out 
from the source region 3 and made into a second 
electrode; a drain terminal TD is pulled out from the 
drain region 4 and made into a third electrode; and a 
gate terminal TG is pulled out from the gate electrode 7 
and made into a fourth electrode. The gate terminal TG 
as the first input terminal and the substrate terminal TW 
as the second input terminal respectively receive inputs 
INI and IN2 , which are different signals synchronized to 
each other based on a clock signal or the like. Here, an 
appropriate drain voltage is applied across the drain and 
source . 

In case that the semiconductor element 1 is an 
NMOSFET (having the well 2 of P-type) , the relation of a 
drain current with respect to the potentials of the 




-17- 

inputs INI and IN2 is as the one shown in Figure 2 . When 
the input IN2 (well potential) has a low potential (L) , 
and the input INI (gate potential) has the low potential 
(L) , I LL is yielded as the drain current. When the input 
IN2 has the low potential (L) , and the input INI has a 
high potential (H) , I HL is yielded as the drain current. 

In contrast, when the input IN2 has the high 
potential (H) and the input INI has the low potential 
(L) , Im is yielded as the drain current. When the input 
IN2 has the high potential (H) , and the input INI also 
has the high potential (H) , 1^ is yielded as the drain 
current . 

As has been discussed above, with respect to the 
same input INI, the drain current becomes larger with the 
input IN2 having a higher potential. This is because, in 
the MOSFET, when a positive voltage is applied to the 
well 2, a potential barrier in the channel region is 
reduced, and so is a threshold voltage. 

Figure 2 reveals that when the input IN2 has the low 
potential (L) , more or less the same drain current is 
yielded whether the input INI has the high potential (H) 
or low potential (L) , but when the input IN2 has the high 
potential (H) , the drain current varies considerably 
depending on whether the input INI has the high potential 
(H) or low potential (L) . Hence, the example case shown 
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in Figure 2 realizes an operation such that the 
conduction between the drain and source is allowed only 
when both of the inputs INI and IN2 have the high 
potential (H) , and stopped otherwise. 

On the other hand, by setting the operating 
characteristics as shown in Figure 3, an operation can be 
realized such that the conduction between the source and 
drain is allowed when at least one of the inputs INI and 
IN2 has the high potential (H) , and stopped only when 
both of the inputs INI and IN2 have the low potential 
(L) . 

The characteristics shown in Figures 2 and 3 can be 
selected with the semiconductor element 1 arranged in the 
manner as shown in Figure 1 by, for example, adequately 
adjusting impurity concentration in the channel region 5, 
or the levels of the high potential (H) and low potential 
(L) of the inputs INI and IN2 . It should be appreciated 
that in case that the semiconductor element 1 is a 
PMOSFET (having the well 2 of N-type) , the operating 
characteristics are opposite to those shown in Figures 2 
and 3 . 

Consequently, a packing density of an integrated 
circuit can be improved by upgrading the performance of 
a single element capable of outputting one output in 
response to two different inputs INI and IN2 synchronized 
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to each other. 

Referring to Figures 4 through 6, the following 
description will describe a second embodiment of the 
present invention . 

Figures 4 through 6 are views showing an arrangement 
of a semiconductor element 11, which is a practical 
application of the semiconductor element 1. Figure 4 is 
a front view. Figure 5 is a perspective cross section 
taken on line V-V in Figure 4, and Figure 6 is a 
perspective cross section taken on line VI-VI in Figure 
4. Figure 4 omits top metal wires and an inter- layer 
insulating film hereinafter referred to and shows only a 
substantial part of the element for ease of explanation. 

The semiconductor element 11 employs an SOI 
substrate composed of a semiconductor substrate 12, on 
which a background insulating layer 13 and a 
semiconductor layer 14 are formed sequentially in a 
vertical direction. The semiconductor layer 14 (well 2) 
in each element is electrically separated from the one in 
the adjacent element by means of a field oxide film 15, 
so that a change in well potential between the adjacent 
elements will not give any adverse effect. The source 
region 3 and drain region 4 are formed in the 
semiconductor layer 14. The conduction type of the 
source region 3 and drain region 4 is opposite to that of 
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the semiconductor layer 14. For example, when the 
semiconductor element 11 is an NMOSFET, the semiconductor 
layer 14 is of the P-type, and the source region 3 and 
drain region 4 are of the N-type. The gate electrode 7 
is fabricated on the channel region formed between the 
source region 3 and drain region 4 through the gate 
insulating film 6. 

The element thus formed is covered with an inter- 
layer insulating film 16. Contact holes 17, 18, and 19 
are formed through the inter-layer insulating film 16, so 
that top metal wires 21, 22, and 23 are electrically 
connected to the source region 3, drain region 4, and 
gate electrode 7, respectively (see Figures 5 and 6), 
whereby the top metal wires 21, 22, and 23 form the 
source terminal TS, drain terminal TD, and the gate 
terminal TG as the first input terminal, respectively. 
Another contact hole 2 0 is formed through the inter- layer 
insulating film 16 at a region other than the source 
region 3 and drain region 4 (see Figure 6) . A region 14a 
in the semiconductor layer 14 corresponds to the contact 
hole 20, and has the same conduction type as that of the 
semiconductor layer 14 and high impurity concentration. 
The region 14a establishes an ohmic contact between the 
top metal wire 24 formed inside the contact hole 20 and 
the semiconductor layer 14, so that the top metal wire 24 
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forms the substrate terminal TW as the second input 
terminal . 

According to the above arrangement, a 4 -terminal 
element, such as the one shown in Figure 1, can be 
realized by electrically separating the adjacent elements 
relatively easily by merely employing an SOI substrate 
and forming the field oxide film 15 in the semiconductor 
layer 14 . 

As has been discussed, the present embodiment is 
arranged in such a manner that : element forming regions 
are electrically separated by means of a separation 
region (field oxide film 15) on the SOI or SOS structure 
substrate, and a MOSFET is formed in each separated 
element forming, region; and then, the semiconductor layer 
in each MOSFET is connected to the outside through the 
contact hole, so that it can be used as an electrode. 

The above arrangement realizes a 2- input -1 -output 
circuit by a single element, thereby upgrading the 
performance of the MOSFET itself. Consequently, when a 
logic circuit is assembled, not only can a packing 
density of an integrated circuit be improved, but also 
the operating rate and yield can be increased while the 
costs can be reduced. 

Referring to Figures 7 through 9, the following 
description will describe a third embodiment of the 
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present invention . 

Figures 7 through 9 are views showing an arrangement 
of a semiconductor element 31, which is another practical 
application of the semiconductor element 1 in Figure 1 in 
a different structure (bulk type structure) from the 
semiconductor element 11 in Figures 4 through 6. Figure 
7 is a front view. Figure 8 is a perspective cross 
section taken on line VIII-VIII in Figure 7, and Figure 
9 is a perspective cross section taken on line IX- IX in 
Figure 7. Figure 7 omits an inter- layer insulating film 
and top metal wires for ease of explanation. 

The semiconductor element 31 uses a substrate 
composed of a semiconductor substrate 32, on which a deep 
well region 3 3 and a shallow well region 34 having a 
conduction type opposite to that of the deep well region 
33 are layered sequentially in a vertical direction. A 
heavily doped region 35 is formed in the shallow well 
region 34 so as to reduce resistance of the same. Each 
element is electrically separated from the adjacent 
element by means of an electrical insulating separation 
region 36. The shallow well region 34 is provided with 
the source region 3 and drain region 4 of the conduction 
type opposite to that of the shallow well region 34 . 
Also, the gate electrode 7 is fabricated on the channel 
region, formed between the source region 3 and drain 
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region 4, through the gate insulating film 6. It should 
be appreciated that the layer formed between the heavily 
doped region 35 and deep well region 33 is the shallow 
well region . 

The source region 3 , drain region 4 , and gate 
electrode 7 are electrically connected to top metal wires 
45 , 46, and 47 respectively via contact holes 41, 42, and 
43 formed through an inter-layer insulating film 37. The 
shallow well region 34 is provided with a region 34a 
which is heavily doped with impurities, at a region other 
than the source region 3 and drain region 4 . The region 
34a is electrically connected to a top metal wire 48 via 
a contact hole 44 formed through the inter- layer 
insulating film 37 (see Figure 9) , whereby an ohmic 
contact is established between the shallow well region 34 
and top metal wire 48. Also, a field oxide film 38 is 
formed between the region 34a and gate electrode 7. (see 
Figure 9) . 

The depth and impurity concentration of the source 
region 3 and drain region 4 in the semiconductor element 
31 are approximately lOOnm and 1 x 10 20 /cm 3 or greater, and 
those of the shallow well region 34 are approximately 
l,000nm and 5 x 10 16 /cm 3 to 1 x 10 i7 /cm 3 . The depth of the 
heavily doped region 3 5 at which the distribution of the 
impurity concentration reaches its peak is 500nm to 
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700nm, and the peak concentration is approximately 1 x 
10 18 /cm 3 to 1 x 10 19 /cm 3 . Also, the depth and the impurity 
concentration of the deep well region 33 are 
approximately 3 ^m and 5 x 10 16 /cm 3 . It should be 
appreciated, however, that the depth and concentration of 
impurity of each region are not limited to the foregoing. 

Here, the shallow well region 34 can be electrically 
isolated from the one in the adjacent element by setting 
the depth of the separation region 3 6 to at least a sum 
of the depth of the shallow well region 34 and the width 
of a depletion layer formed at the junction between the 
shallow well region 34 and deep well region 33 (to be 
more accurate, the width of the depletion layer on a 
portion extending toward the deep well region 33). ffi 
contrast, if the depth of the separation region 3 6 is 
shorter than the sum of the depth of the shallow well 
region 34 and the width of the depletion layer formed at 
the junction between the shallow well region 34 and deep 
well region 33, conduction between the shallow well 
regions 33 in the adjacent elements is allowed by means 
of the depletion layer at the deep well region 33 side, 
thereby causing unwanted punch- through . 

Thus, according to the above arrangement, the 
adjacent elements can be electrically isolated from each 
other by providing the separation region 3 6 that causes 
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a slight increasing of the space which is almost as small 
as the smallest processable dimensions. Consequently, a 
bulk type of the 4 -terminal semiconductor element 1 as 
shown in Figure 1 can be realized by omitting an 
expensive SOI substrate having high body resistance. 

As has been discussed, the present embodiment is 
arranged in such a manner that: a bulk substrate, in 
which the deep well region of either P- or N-type and the 
shallow well region of the other conduction type are 
formed in the semiconductor substrate, and at least the 
shallow well region in each element is electrically 
separated from the one in the adjacent element by means 
of the separation region, is used; and a MOSFET is formed 
in each separated element forming region while the 
shallow well region is electrically connected to the 
outside through the contact hole provided at a region 
other than the source region and drain region of the 
MOSFET, so that the shallow well region can be used as an 
electrode . 

Consequently, even when a bulk substrate is 
employed, each element can operate independently by 
preventing unwanted interference between the elements by 
electrically isolating the shallow well region in each 
element forming region by means of the separation region. 
In addition, the shallow well region in the MOSFET is 
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electrically connected to the outside through the contact 
hole so as to be used as an electrode. Consequently, the 
above arrangement realizes two inputs: one into the gate 
and the other into the semiconductor layer. 

Moreover, because a 2- input -1 -output circuit can be 
realized by a single element, the performance of the 
MOSFET itself ^ can be upgraded. Thus, when a logic 
circuit is assembled, for example, not only the packing 
density of an integrated circuit can be improved, but 
also the operating rate and yield can be increased while 
the costs can be saved. In addition, compared with a 
case employing an SOI or SOS substrate, the costs and the 
resistance of the first electrode can be reduced further. 

Referring to Figures 10 and 11, the following 
description will describe a fourth embodiment of the 
present invention . 

Figure 10 shows a practical application of a unit 
element, namely, the semiconductor element 1, 11, or 31 
by way of a circuit diagram of a logic circuit LOG1 of 
the CMOS structure. In addition to a typical CMOS 
inverter structure comprising a pair of a PMOSFET (QP) 
and a NMOSFET (QN) , in which the source TSP of the 
PMOSFET (QP) is connected to a high level (V DD ) power 
source line and the source TSN of the NMOSFET (QN) is 
connected to a low level (GND) power source line, and the 
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drains TDP and TDN of these MOSFETs (QP and QN) are both 
connected to the output terminal P3 , while the gates TGP 
and TGN thereof are both connected to the first input 
terminal PI, the logic circuit L0G1 has an arrangement 
such that the substrate terminals TWP and TWN of these 
MOSFETs (QP and QN) are both connected to the second 
input terminal P2 . 

In addition, by adequately selecting the power 
source voltage V DD and impurity concentration in the 
channel region, the operating characteristics of the 
drain current with respect to the inputs INI and IN2 of 
the PMOSFET (QP) are set as shown in Figure 11(a) and 
those of the NMOSFET (QN) in Figure 11 (b) . In other 
words, each MOSFET (QP and QN) is arranged in such a 
manner that, when the input IN2 has the low potential 
(L) , a threshold voltage (at the break point in the 
graph) becomes higher than the high potential (H) , and 
when the input IN2 has the high potential (H) , the 
threshold voltage becomes lower than the high potential 
(H) and higher than the low potential (L) . 

In the above -arranged logic circuit L0G1, when the 
input INI has the low potential (L) , the PMOSFET (QP) 
conducts and NMOSFET (QN) stops conducting regardless of 
the potential of the input I N2~, ~~whereby" The output OUT 
has the high potential (H) . In contrast, when the input 
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IN1 has the high potential (H) , the PMOSFET (QP) conducts 
and the NMOSFET (QN) stops conducting if the input IN2 
has the low potential (L) , whereby the output OUT has the 
high potential (H) . On the other hand, if the input IN2 
has the high potential (H) , the PMOSFET (QP) stops 
conducting and the NMOSFET (QN) conducts, whereby the 
output OUT has the low potential (L) . The foregoing 
operations are set forth in Table 1 below. It is 
understood from Table 1 below that the logic circuit L.OG1 
realizes a NAND operation, in which the output OUT has 
the low potential (L) only when both of the inputs INI 
and IN2 have the high potential (H) , and the high 
potential (H) when at least one of the inputs INI and IN2 
has the low potential (L) . 



Table 1 
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Consequently, a NAND circuit which typically demands 
four MOSFETs can be now realized by two MOSFETs, thereby 
improving a packing density of the integral circuit in a 
reliable manner by upgrading the performance of each 
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element . 

As has been discussed, the present embodiment is 
arranged in such a manner that, in the CMOS inverter 
structure having a pair of elements of opposite 
conduction types, the contact holes in these elements 
form the second input terminal, and the gates, namely the 
normal inputs, of these elements form the first input 
terminal . 

Consequently, the NAND circuit can be realized by 
adequately adjusting the potentials of the two inputs or 
the impurity concentration in the channel region, and the 
NAND or NOR circuit which conventionally demands four 
MOSFETs can be now realized by two MOSFETs . 

Referring to Figures 12 and 13, the following 
description will describe a fifth embodiment of the 
present invention . 

Figure 12 is a circuit diagram of a logic circuit 
L0G2 in accordance with the fifth embodiment of the 
present invention. The logic circuit LOG2 is similar to 
the logic circuit LOG1 in that it includes a pair of 
MOSFETs of P-type (QP) and N-type (QN) , and the source 
TSP of the PMOSFET (QP) is connected to the high level 
< v dd) power source line, while the source TSN of the 
NMOSFET (QN) is connected to the low level (GND) power 
source line, and the drains TDP and TDN of these MOSFETs 
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are both connected to the output terminal P3 . However, 
the logic circuit L0G2 is different from the logic 
circuit LOG1 in the followings. That is, the gate TGP of 
the PMOSFET (QP) and the substrate terminal TWN of the 
NMOSFET (QN) are both connected to the input terminal PI, 
and the gate TGN of the NMOSFET (QN) and the substrate 
terminal TWP of the PMOSFET (QP) are both connected to 
the input terminal P2 . 

The operating characteristics of the logic circuit 
LOG2 are set as shown in Figure 13. In other words, as 
shown in Figure 13 (a) , the PMOSFET (QP) is arranged in 
such a manner that, when the input IN2 (well potential) 
has the low potential (L) , the threshold voltage becomes 
higher than the high potential (H) , and when the input 
IN2 has the high potential (H) , the threshold voltage 
becomes lower than the high potential (H) and higher than 
the low potential (L) . In contrast, as shown in Figure 
13 (b) , the NMOSFET (QN) is arranged in such a manner 
that, when the input INI has the low potential (L) , the 
threshold voltage becomes higher than the high potential 
(H) , and when the input INI has the high potential (H) , 
the threshold voltage becomes lower than the high 
potential (H) and higher than the low potential (L) . 

Thus, when the input INI has the low potential (L) , 
the PMOSFET (QP) conducts and the NMOSFET stops 
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conducting regardless of the level of the input IN2, 
whereby the output OUT has the high potential (H) . Also, 
when the input INI has the high potential (H) , if the 
input IN2 has the low potential (L) , the PMOSFET (QP) 
conducts and the NMOSFET (QN) stops conducting, whereby 
the output OUT has the high potential (H) . Further, when 
both of the inputs INI and IN2 have the high potential 
(H) , the PMOSFET (QP) stops conducting and the NMOSFET 
(QN) conducts, whereby the output OUT has the low 
potential (L) . 

In other words, as set forth in Table 1 above, the 
output OUT has the low potential (L) only when both of 
the inputs INI and IN2 have the high potential (H) , and 
the high potential (H) otherwise. The aforementioned 
NAND operation can be also realized by the above 
arrangement . 

As has been described, the present embodiment is 
arranged in such a manner that, in the CMOS inverter 
structure having a pair of elements of opposite 
conduction types, the gates of the PMOSFET and NMOSFET 
form the first and second input terminals, respectively, 
and the contact holes in the NMOSFET and PMOSFET also 
form the first and second input terminals, respectively. 

Thus, by adequately adjusting the potentials of the 
two inputs or impurity concentration in the channel 
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region, the NAND circuit can be realized. Consequently, 
the NAND circuit which conventionally demands four 
MOSFETs can be now realized by two MOSFETs . 

Referring to Figure 14, the following description 
will describe a sixth embodiment of the present 
invention . 

In the present embodiment, the operating 
characteristics of the MOSFETs (QP and QN) in the logic 
circuit LOG1 shown in Figure 10 are not set as shown in 
Figures 11(a) and 11(b), but as shown in Figures 14(a) 
and 14(b). In other words, each MOSFET (QP and QN) is 
arranged in such a manner that the threshold voltage 
becomes higher than the lower potential (L) and lower 
than the high potential (H) when the input IN2 has the 
low potential (L) , and lower than the low potential (L) 
when the input IN2 has the high potential (H) . 

Accordingly, when the input INI has the high 
potential _JH) , the PMOSFET (QP) stops_ conducting and 
NMOSFET (QN) conducts regardless of the potential of the 
input IN2, whereby the output OUT has the low potential 
(L) . When the input INI has the low potential (L) and 
the input IN2 has the high potential (H) , the PMOSFET 
(QP) stops conducting and the NMOSFET (QN) conducts, 
whereby the output OUT also has the low potential (L) . 
Further, when both of the inputs INI and IN2 have the low 
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potential (L) , the PMOSFET (QP) conducts and the NMOSFET 
(QN) stops conducting, whereby the output OUT has the 
high potential (H) . The foregoing operations are set 
forth in Table 2 below, and the logic circuit LOG1 can 
realize a NOR operation, in which the output OUT has the 
high potential (H) only when both of the inputs INI and 
IN2 have the low potential (L) , and the low potential (L) 
otherwise . 



Table 2 
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As has been discussed, the NOR circuit which 
generally demands four MOSFETs can be now realized by two 
MOSFETs . 

Referring to Figure 15, the following description 
will describe a seventh embodiment of the present 
invention. 

Figure 15 is a graph showing the operating 
characteristics in accordance with the seventh embodiment 
of the present invention, which are adapted to the logic 
circuit LOG2 shown in Figure 12. Figure 15(a) shows the 
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operating characteristics of the PMOSFET (QP) and Figure 
15(b) shows those of the NMOSFET (QN) . In other words, 
each MOSFET is arranged in such a manner that, when both 
of the well potential (input IN2) of the PMOSFET (QP) and 
the well potential (input INI) of the NMOSFET have the 
low potential (L) , the threshold voltage becomes higher 
than the low potential (L) and lower than the high 
potential (H) , and when the well potential in each MOSFET 
has the high potential (H) , the threshold voltage becomes 
lower than the low potential (L) . 

Thus, when the input INI has the high potential (H) , 
the PMOSFET (QP) stops conducting and the NMOSFET (QN) 
conducts regardless of the potential of the input IN2 , 
whereby the output OUT has the low potential (L) . Also, 
when the input INI has the low potential (L) and the 
input IN2 has the high potential (H) , the PMOSFET (QP) 
stops conducting and the NMOSFET (QN) conducts, whereby 
the output OUT also has the low potential (L) . Further, 
when both of the inputs INI and IN2 have the low 
potential (L) , the PMOSFET (QP) conducts and the NMOSFET 
(QN) stops conducting, whereby the output OUT has the 
high potential (H) . 

Thus, the above arrangement can also realize the NOR 
operation set forth in Table 2 above, in which the output 
OUT has the high potential (H) only when both of the 
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inputs INI and IN2 have the low potential (L) , and the 
low potential (L) otherwise. 

Referring to Figures 16 and 17, the following 
description will describe an eighth embodiment of the 
present invention . 

Figure 16 is a circuit diagram of a logic circuit 
LOG3 in accordance with the eighth embodiment of the 
present invention. In the logic circuit LOG3 , the drain 
TDN of the NMOSFET (QN) is connected to the high level 
( v dd) power source line, and the drain TDP of the PMOSFET 
(QP) is connected to the low level (GND) power source 
line. Also, the sources TSP and TSN of theses MOSFETs 
(QP and QN) are both connected to the output terminal P3 , 
and the gates TGP and TGN of the same are both connected 
to the first input terminal PI, while the substrate 
terminals TWP and TWN of the same are both connected to 
the second input terminal P2 . 

By adequately selecting the power source voltage V DD 
or impurity concentration in the channel region, the 
operating characteristics of the drain current with 
respect to the inputs INI and IN2 of the PMOSFET (QP) are 
set forth in Figure 17 (a) and those of the NMOSFET (QN) 
in Figure 17 (b) . 

In other words, each MOSFET (QP and QN) is arranged 
in such a manner that, when the input IN2 (well 
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potential) has the low potential (L) , the threshold 
voltage becomes higher than the high potential (H) , and 
when the input IN2 has the high potential (H) , the 
threshold voltage becomes lower than the high potential 
(H) and higher than the low potential (L) . 

Thus, when the input INI has the low potential (L) , 
the PMOSFET (QP) conducts and the NMOSFET stops 
conducting regardless of the potential of the input IN2, 
whereby the output OUT has the low potential (L) . Also, 
when the input INI has the high potential (H) , even if 
the input IN2 has the low potential (L) , the PMOSFET (QP) 
conducts and the NMOSFET (QN) stops conducting, whereby 
the output OUT has the low potential (L) . Further, when 
both of the inputs INI and IN2 have the high potential 
(H) , the PMOSFET (QP) stops conducting and the NMOSFET 
(QN) conducts, whereby the output OUT has the high 
potential (H) . 

Thus, the logical circuit LOG3 can realize an AND 
operation as set forth in Table 3 below, in which the 
output OUT has the high potential (H) only when both of 
the inputs INI and IN2 have the high potential (H) , and 
low potential (L) otherwise. 
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Consequently, an AND circuit which generally demands 
six MOSFETs as described in the "Technical Background" 
column can be now realized by two MOSFETs. 

As has been discussed, the present embodiment is 
arranged in such a manner that : the elements of opposite 
conduction types are paired off; the drain of the N-type 
semiconductor element is fixed at the high potential, and 
the drain of the P-type semiconductor element is fixed at 
the low potential; the gates of both the elements form 
the first input terminal; and the contact holes in the 
same form the second input terminal . 

Thus, by adequately adjusting the potentials of the 
two inputs or impurity concentration in the channel 
region, the AND circuit can be realized. Consequently, 
the AND circuit which conventionally demands six MOSFETs 
can be now realized by two MOSFETs. 

Referring to Figures 18 and 19, the following 
description will describe a ninth embodiment of the 
present invention . 
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Figure 18 is a circuit diagram of a logic circuit 
LOG4 in accordance with the ninth embodiment of the 
present invention. The logic circuit LOG4 is similar to 
the logic circuit LOG3 described above in that: the drain 
TDN of the NMOSFET (QN) is connected to the high level 
( v dd) power source line, and the drain TDP of the PMOSFET 
(QP) is connected to the low level (GND) power source 
line; and the sources TSP and TSN of these MOSFETs are 
both connected to the output terminal P3 . However, the 
logic circuit L0G4 is different from the logic circuit 
LOG3 in the following. That is, the gate TGN of the 
NMOSFET (QN) and the substrate terminal TWP of the 
PMOSFET (QP) are both connected to the input terminal Pi, 
and the gate TGP of the PMOSFET (QP) and the substrate 
terminal TWN of the NMOSFET (QN) are both connected to 
the input terminal P2 . 

Also, the operating characteristics of the logic 
circuit LOG4 are set as shown in Figure 19 . To be more 
specific, as shown in Figure 19(a), the PMOSFET (QP) is 
arranged in such a manner that the threshold voltage 
becomes higher than the high potential (H) when the input 
INI (well potential) has the low potential (L) , and lower 
than the high potential (H) and higher than the low 
potential (L) when the input INI has the high potential 
(H) . In contrast, as shown in Figure 19(b), the NMOSFET 
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(QN) is arranged in such a manner that the threshold 
voltage becomes higher than the high potential (H) when 
the input IN2 has the low potential (L) , and lower than 
the high potential (H) and higher than the low potential 

(L) when the input IN2 has the high potential (H) . 

Thus, when the input INI has the low potential (L) , 
the PMOSFET (QP) conducts and the NMOSFET (QN) stops 
conducting regardless of the level of the input IN2 , 
whereby the output OUT has the low potential (L) . When 
the input INI has the high potential (H) , the PMOSFET 

(QP) conducts and the NMOSFET stops conducting if the 
input IN2 has the low potential (L) , whereby the output 
OUT has the low potential (L) . Further, when both of the 
inputs INI and IN2 have the high potential (H) , the 
PMOSFET (QP) stops conducting and the NMOSFET (QN) 
conducts, whereby the output OUT has the high potential 

(H) . 

In other words, the above arrangement can also 
realize the AND operation as set forth in Table 3 above, 
in which the output OUT has the high potential (H) only 
when both of the inputs INI and IN2 have the high 
potential (H) , and the low potential (L) otherwise. 

As has been discussed, the present embodiment is 
arranged in such a manner that: the elements of opposite 
conduction types are paired off; the drain of the N-type 
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semiconductor element is fixed at the high potential, and 
the drain of the P-type semiconductor is fixed at the low 
potential; both the gate of the N-type semiconductor 
element and the contact hole in the P-type semiconductor 
element form the first input terminal; both the gate of 
the P-type semiconductor element and the contact hole in 
the N-type semiconductor element form the second input 
terminal; and the drains of both the MOSFETs form the 
output terminal . 

Thus, by adequately adjusting the potentials of the 
two inputs or impurity concentration in the channel 
region, the AND circuit can be realized. Consequently, 
the AND circuit which conventionally demands six MOSFETs 
can be now realized by two MOSFETs. 

Referring to Figure 20, the following description 
will describe a tenth embodiment of the present 
invention . 

Figure 2 0 is a graph showing the operating 
characteristics of the tenth embodiment of the present 
invention, which are adapted to the logic circuit L0G3 of 
Figure 16. Figure 20(a) shows the operating 

characteristics of the PMOSFET (QP) and Figure 20(b) 
shows those of the NMOSFET (QN) . Each MOSFET (QP and QN) 
is arranged in such a manner that, when the well 
potential (input IN2) has the low potential (L) , the 
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threshold voltage becomes higher than the low potential 
(L) and lower than the high potential (H) , and lower than 
the low potential (L) when the input IN2 has the high 
potential (H) . 

Thus, when the input INI has the high potential (H) , 
the PMOSFET (QP) stops conducting and the NMOSFET (QN) 
conducts regardless of the potential of the input IN2 , 
whereby the output OUT has the high potential (H) . Also, 
when the input INI has the low potential (L) and the 
input IN2 has the high potential (H) , the PMOSFET (QP) 
stops conducting and the NMOSFET (QN) conducts, whereby 
the output OUT also has the high potential (H) . Further, 
when both of the inputs INI and IN2 have the low 
potential (L) , the PMOSFET (QP) conducts and the NMOSFET 
(QN) stops conducting, whereby the output OUT has the low 
potential (L) . 

In other words, it is understood that the above 
arrangement can realize an OR operation as set forth in 
Table 4 below, in which the output OUT has the low 
potential (L) only when both of the inputs INI and IN2 
have the low potential (L) , and the high potential (H) 
otherwise . 
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Consequently, an OR circuit which generally demands 
six MOSFETs as previously described can be now realized 
by two MOSFETs . 

Referring to Figure 21, the following description 
will describe an eleventh embodiment of the present 
invention . 

Figure 21 is a graph showing the operating 
characteristics of the eleventh embodiment of the present 
invention, which are adapted to the logic circuit L0G4 of 
Figure 18. Figure 21(a) shows the operating 

characteristics of the PMOSFET (QP) and Figure 21(b) 
shows those of the NMOSFET (QN) . In other words, each 
MOSFET is arranged in such a manner that, when the well 
potential (input INI) of the PMOSFET (QP) and the well 
potential (input IN2 ) of the NMOSFET (QN) have the low 
potential (L) , the threshold voltage becomes higher than 
the low potential (L) and lower than the high potential 
(H) , and when the well potential in each MOSFET has the 
high potential (H) , the threshold voltage becomes lower 
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than the low potential (L) . 

Thus, when the input INI has the high potential (H) , 
the PMOSFET (QP) stops conducting and the NMOSFET 
conducts regardless of the potential of the input IN2 . 
Also, when the input INI has the low potential (L) and 
the input IN2 has the high potential (H) , the PMOSFET 
(QP) stops conducting and the NMOSFET (QN) conducts, 
whereby the output OUT also has the high potential (H) . 
Further, when both of the inputs INI and IN2 have the low 
potential (L) , the PMOSFET (QP) conducts and the NMOSFET 
(QN) stops conducting, whereby the output OUT has the low 
potential (L) . 

In other words, the above arrangement can also 
realize the OR operation as set forth in Table 4 above, 
in which the output OUT has the low potential (L) only 
when the inputs INI and IN2 have the low potential (L) , 
and the high potential (H) otherwise. 

As has been discussed, the present embodiment is 
arranged in such a manner that the gate and contact hole 
form the separate input terminals, into which input 
signals synchronized to each other based ^on a clock or 
the like are inputted, respectively. 

Consequently, the above arrangement does not realize 
a simple ON/OFF operation of the 1- input- 1 -output 
circuit, but an operation of the 2- input -1 -output logic 
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circuit, thereby making it possible to assemble the logic 
circuit with a fewer elements. 

The invention being thus described, it will be 
obvious that the same may be varied in many ways. Such 
variations are not to be regarded as a departure from the 
spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in the 
art are intended to be included within the scope of the 
following claims. 

INDUSTRIAL APPLICABILITY 
As has been discussed, the semiconductor device of 
the present invention is useful as logical operation 
circuits of various kinds, and particularly suitable to 
logical operation circuits for which a packing density 
should be improved by upgrading the performance of each 
element, and the operating rate and yield should be 
increased while reducing the costs. 



